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Abstract The stable hydrogen and oxygen of lake, river,
rain and snow waters were investigated to understand the
water cycle characteristics of the drainage basin of Mana-
sarovar Lake in Tibet. Both dD and d18O of river water are
larger than those of lake water and the effect of altitude on
both dD and d18O is not very significant. This phenomenon
was suggested to occur because Manasarovar basin is
located in Qinghai–Tibet Plateau which has low latitude,
high altitude, abundant glaciers, thin air and intensive solar
radiation, resulting in higher evaporation in lake water.
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Introduction
Water bodies in water cycle process differ in isotopic
composition because their forming mechanisms are not
same. Through analyzing the isotopic composition, it is
thus able to identify the source and age of water, the state
and amount of water transportation in different environ-
ments (including rivers and lakes) and even the degree of
water–rock interactions (Craig 1961; Yao et al. 2000;
Stie’venard and Souchez 2002; Shi et al. 2003; Fekete et al.
2006; Zhang et al. 2006; Song et al. 2006).
Qinghai–Tibet Plateau, where Manasarovar Lake is
situated, has long been the focus of international aca-
demic concern because it possesses unique high plateau
climate and is very sensitive to global climate change and
human activities. Isotope studies on the processes of
rivers and lakes in the plateau area have achieved sig-
nificant progress since the 1960s. Typically, Zhang et al.
(1973) investigated the variation of dD and d18O in gla-
cial melt-water at Mt Everest and found that the dD in ice
and snow is larger than in river and lake water in relative
to the change of d18O. In the precipitation, the variation
of d18O is subject to the effects of both temperature and
rainfall quantity (Zhang et al. 2001). Through analyzing
the variation of d18O in the drainage basin of Naqu River
on the plateau, Tian et al. (2002) showed that the effects
of lake water and river runoff on stable isotope differ
considerably. Pang et al. (2006) undertook a detailed
examination of the isotope fractionation process occurring
at the ice–snow phase transition zones in the Baishui
Glacier. However, the hydrological processes occurring at
the high altitude plateau have not been studied system-
atically due to the logistical difficulty. The purpose of this
study is to reveal the characteristics of hydrogen and
oxygen isotope in lake water within the drainage basin of
Manasarovar Lake.
Study area
Manasarovar Lake, located in Pulan County, Ali (Ngari)
District of Tibet, is the highest freshwater lake in the
world. The lake is a part of Manasarovar basin which is a
fault-trough dominated drainage basin between Gangdisi
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Mountain and Himalaya Mountain. The drainage area of
Manasarovar Lake is 4,560 km2, which is mainly distrib-
uted in the east, southeast and northeast of the lake. This
basin experiences large extremes in temperature. In winter,
it has a low temperature and less precipitation and both
rivers and ground are frozen, while in summer, river runoff
into the lake is abundant. The detailed location and the
morphology of the drainage system of the study area are
shown in Fig. 1. Manasarovar Lake is an inland fresh water
lake without outflow. It is located in the range of N30340-
N30470 and E81220-E81370 and has an average altitude
of 4,588 m. The surface area of the lake is 412 km2, with a
pondage of about 20 billion m3. Situated between Hima-
laya Mountain and Gangdisi Mountain, this lake has a
distinct characteristic of high plateau climate. The mean
annual temperature is 3.6C at Pulan County. Precipitation
in the region decreases from the east to the west and from
the south to the north. It distributes unevenly in different
seasons, with a mean annual precipitation of about
124.8 mm.
Rainy season occurs from June to August, but most of
the rainfall concentrates in August. September, October
and November are crisp fall, while big snowstorms may
also occur in September because of the influence of the
Bengal tropical storm which moves toward the west. Due
to the effect of sub-frigid monsoon, this area experiences a
considerable amount of snowfall in winter (December to
March). While strong winds occur largely in spring after-
noons (March to May) and vary distinctly everyday, either
day number or strength of the winds occurring in the basin
is relatively small in the whole area of Tibet.
Research methods
The isotopic composition of precipitation, lake water and
river water in the drainage basin of Manasarovar Lake was
investigated for the samples taken from field surveys in
August 2004 and August 2005. The 56 river water samples
were collected from the lake and 7 tributaries that run into
the lake during the two field surveys. Among the samples,
seven lake water samples were collected in August 2005.
Due to the lack of a boat for accessing to the center of the
lake, these samples were taken from the sites where lake
water is about 50 cm deep and about 2–3 m away from the
periphery of the lake toward the center of the lake. The
geographical coordinates and altitude of sampling position
were determined using GPS. The use of GPS to determine
the water levels among lake water sampling stations,
however, appears to yield some errors with the determined
water levels differing as much as 9 m.
Although initially with a plan of using GPS to make our
sample sites distribute uniformly along the periphery of the
lake, this study eventually selected sampling sites that are
concentrated along the southeast side of the lake (Fig. 2).
This is due to the difficulties in accessing the northwest
side of the lake and the need to avoid the joints of the
tributaries with the lake. Under the assistance of local
residents, seven precipitation samples, which include three
snow samples, were collected in August 2005. All the
seven precipitation samples were collected from a rain
receiver immediately after rainfall and then transferred into
airtight polyethylene bottles. Snow samples were collected
using a vat installed on the ground and then melted in an
airtight polyethylene bottle at room temperature.
All the samples were analyzed and the values of dD and
d18O were obtained for each sample [d (%) = (Rsample/
Rstandard - 1) 9 10
3 where R is D/H or 16O/18O ratio). In
the analysis, the equipment of Finnigan MAT 253 in the
Environmental Isotope Analysis Laboratory of the Institute
of Geographical Sciences and Natural Resources Research,
Chinese Academy of Sciences, was used and the standards
of the Vienna Standard Mean Ocean Water (V-SMOW)Fig. 1 Location of Manasarovar basin
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were adopted. These make our analytical precisions reach
±2.0 and ±0.3% for dD and d18O, respectively.
Results and discussion
Characteristics of hydrogen and oxygen isotope
in precipitation
Based on seven precipitation samples collected in the
drainage basin of Manasarovar Lake, respectively, in
August 2004 and August 2005, local meteoric water line
(LMWL) is calculated from the measured hydrogen and
oxygen isotope in precipitation samples using the least
square method. The results show that the LMWL takes the
form of dD = 7.37d18O + 6.26, with d18O varying from
-26.47 to -1.13 and dD from -187.93 to -1.39. The
average values of d18O and dD are -14.42 and -100.00,
respectively.
The intercept of the correlation line between dD and
d18O reflects the unbalanced status of evaporation in water
vapor formation. Figure 3 shows that both slope and
intercept of the LMWL in Manasarovar basin deviate from
the global meteoric water line (GMWL) of dD = 8d18O
+ 10 (Craig 1961). Because on Qinghai–Tibet Plateau the
latitude is low, the altitude is high and the solar radiation is
very strong, Manasarovar basin has a characteristic of
intense evaporation. The deviation of both slope and
intercept in the LMWL from GMWL implies that the
isotope of the fractional distillation in gas–liquid two-phase
state cannot be balanced.
Characteristics of hydrogen and oxygen isotope in river
water
Correlation of dD and d18O in river water
Using the least square method to analyze the correlation
degree between hydrogen and oxygen isotope dD and d18O
based on 56 river water samples collected, respectively, in
August 2004 and August 2005, it is found that the river
water line is in the form of dD = 5.20d18O - 29.94, where
d18O varies from -17.56 to -12.67 and dD from -129.62
to -90.89. The average values of d18O and dD are -14.95
and -108.62, respectively. As can be seen in Fig. 4, there
Fig. 2 Location of sample sites in Manasarovar basin
Fig. 3 Relationship between hydrogen and oxygen isotope for
precipitation in Manasarovar basin
Fig. 4 Relationship between hydrogen and oxygen isotope for
precipitation and river water in Manasarovar basin
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is a significant deviation between the slope and intercept of
river water line and the counterparts of LMWL in Mana-
sarovar basin. This manifests that rivers receive recharge
from precipitation only partially in the basin and the var-
iation of d18O in all of the river water samples exhibits a
scattered distribution, demonstrating that river recharge
sources are not similar. Indeed, our field investigation
shows that Samo River’s runoff mainly comes from pre-
cipitation, while Nmreldi River receives a certain
proportion of runoff from glaciers (Figs. 1, 2).
Hypsographical variation (or altitude effect)
of d18O in river water
To analyze the altitude effect on hydrogen and oxygen,
Figs. 5 and 6 are plotted with the measured d18O from
Samo River and Nmreldi River against altitude. It can be
noted that the d18O of surface water taken from the two
rivers is subject only to a minor effect of altitude. This is
because surface water receives precipitation recharge only
partially and the temperature in surface water does not
change significantly in the high plateau. This is different
from the finding at low lands where temperature of river
water decreases significantly with an increase in altitude
and isotope fractionation factor consequently increases. As
a result, dD and d18O in precipitation will be low, leading
to the enrichment of light isotope in low lands (Wang et al.
2000; Zhang et al. 2005; Poage and Chamberlain 2001).
Variation of d18O in river water along flow path
In August 2005, seven river water samples were collected
from Samo River along a flow path of 39.5 km, and
another seven river water samples were collected from
Nmreldi River along a flow path of 3.9 km. There is no
obvious change in the d18O along the flow path of Samo
River (Fig. 7). For Nmreldi River, the d18O of samples
decreases with a gentle gradient along with an increase of
the distance from Manasarovar Lake (Fig. 8).
Fig. 5 Relationship between oxygen isotope and altitude in Samo
River
Fig. 6 Relationship between oxygen isotope and altitude in Nmreldi
River
Fig. 7 Variation of oxygen isotope along the flow path of Samo
River
Fig. 8 Variation of oxygen isotope along the flow path of Nmreldi
River
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Characteristics of dD and d18O in lake water
The relationship between dD and d18O in seven lake water
samples collected from the periphery of Manasarovar Lake
in August 2005 can be expressed as dD = 4.71d18O -
34.03, where d18O ranges from -11.35 to -3.35, and dD
from -87.11 to -45.11. The average values of d18O and
dD are -5.52 and -60.04, respectively (Fig. 9).
In comparison of this relationship between dD and d18O
in lake water with the one in river water, it can be found in
Fig. 10 that all of the river water samples were scattered on
the down left-hand side of lake water samples and d18O
ranges from -17.56 to -12.67, and dD from -129.62 to
-90.89. In other words, all of the measured dD and d18O in
river water are smaller than those in lake water. This is
because lake water possesses much longer residence time.
For Manasarovar Lake located on Qinghai–Tibet Plateau,
where the latitude is low, the altitude is high, the air is thin
and the solar radiation is strong, a longer residence time
can certainly bring about much more intensive evaporation,
making dD and d18O in lake water larger than in river
water.
The isotopic composition of lake water is closely related
to the type of recharge source, geographical location, nat-
ural environment and climate condition. The recharge
source of the lake can be precipitation, glacier melt water
and groundwater as well. Additionally, lakes near sea can
be recharged by seawater. For Manasarovar Lake, glacier
melt-water is one of the main recharge sources. Theoreti-
cally speaking, the lake water will take the isotopic mark of
its recharge water, no matter what type of the recharge is.
However, the lake water can accumulate heavy isotope
because of evaporation process. Hence, the actual isotopic
composition of lake water is not equal to that of original
recharge water.
Figure 11 shows that the lake water line has a consid-
erable degree of deviation from the LMWL. The lake water
is affected by residence time, evaporation, stream flow and
temperature as well as the asymmetry of lake water mixing
on the same level of water surface. The integrated effects
of those factors make the isotope in lake water vary in a
complicated form and need further detailed analysis and
validation.
Comparison of dD and d18O in precipitation, river
water and lake water
In comparison of hydrogen and oxygen in precipitation,
river water and lake water, it can be found that the LMWL,
river water line and lake water line intersect approximately
to the same point (Fig. 12). Nevertheless, both slope and
intercept of the river water line and lake water line are very
close to each other, while the counterparts in the LMWL
are much larger. This demonstrates that the evaporation in
the lake water is more intensive.
Fig. 9 Relationship between hydrogen and oxygen isotope for lake
water in Manasarovar basin
Fig. 10 Comparison of hydrogen and oxygen between river water
and lake water in Manasarovar basin
Fig. 11 Comparison of hydrogen and oxygen between precipitation
and lake water in Manasarovar basin
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Conclusions
The LMWL of Manasarovar basin is found to be in the
form of dD = 7.37d18O + 6.26, while the river water line
takes the form of dD = 5.20d18O - 29.94. The slope and
intercept of the river water line and LMWL deviate con-
siderably, implying that rivers of Manasarovar basin
receive precipitation recharge only partially.
The relationship between dD and d18O in seven lake
water samples collected in August 2005 from the periphery
of Manasarovar Lake can be expressed as dD = 4.71
d18O-34.03. Although the LMWL, river water line and
lake water line intersect approximately at the same point,
both slope and intercept of the river water line and the lake
water line are very close to each other. In contrast, the
LMWL has very larger slope and intercept. The cause for
these differences is believed to be the geographical pres-
ence of Manansarovar basin on Qinghai–Tibet Plateau,
where latitude is low, altitude is high, glaciers are abun-
dant, air is thin and solar radiation is strong, resulting in
higher evaporation especially in the lake water.
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